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Art. IV.—Notes on the Physiography of the Geelong District.
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[Read 9th June, 1938; issued separately, 23rd January, 1939.]

Introduection.

This paper discusses the following matrers ——
(1) the altitude of the Otway Ranges in the Tertiary sca;
(i1) the post-Tertiary earth-movements and vulcanicity;
(1i1) the development of the drainage system.

Altitude of the Otway Ranges in the
Tertiary Sea.

The Jurassic rocks of the central portion of the Otway Ranges
attain an altitude of 2200 feet, and are flanked by marme
Tertiary sediments of which the highest is about 900 feet. The
Tertiary heds are limestone in the lower parts, and coarse sand
in the npper.

This flanking relationship of the Tertiaries to the Jurassic
was interpreted by Wilkinson (1863), Krausé (1874), Stirling
(1901) and Hall (1911) to indicate that the Otways were an
island of nearly 1,500 feet altitude in the Tertiary sea. Recently
Hills (1935) has suggested that the Otways were completely
submerged. and received a capping of Tertiary sediments, which
was removed by denudation after the supposed post-lertiary
uplift.  His objections to the earlier interpretation are -

(a) absence of evidence of littoral facies in the Tertiaries;

(b) absence of evidence of existence of former shore lines;

(c) the deep  dissection of the central portion of the
Jurassics, which appears to be =0 vigorous as to
indicate post-"Tertiary uplift.

Regarding («¢) it is true that littoral facies are rare m the
Otway Tertiaries, though common enough in the parallel case
of the Barrabool Hills, where the Tertiaries flanking the [urassic
have been shown (Coulson 1937) to contain pebbles of Older
Basalt and (rarcly) of Jurassic sandstone.  The only instance
of a boulder hed known in the Otway Tertiaries is at the hase
ol the limestone of Alkemade's quarry, Kawarren, where a thin
bed of Older Basalt pebbles can he seen. Three reasons may he
advanced for the absence of littoral facies:

(1) the softness of the Jurassic gives a very short life to
its detrital pehbles
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(ii) although the chances of Jurassic pebbles being included
in the Tertiary hmestone were fair, owing to the
quiet water, they were remote in the case of the
shallow-water Tertiary sands;

(ili) exposures of the contact Letween limestone and Jurassic
are extremely rare, in fact, the author has not yet
located one, whereas the contact of Tertiary sand and
Jurassic can be seen at many places.

Regarding (), the lack of evidence of the existeuce of forier
shore lines (this must also be admitted) and is more difficult to
explain.  The present shore line has  characteristic  rock-
platforms, a few sandy pocket beaches at river mouths, occasional
shingle beaches, and rare sea-caves. It is reasonable to supposc
that similar features were developed ut sea level in Tertiary
times.  Two possible explanations present themselves: (i) the
sea-level in the Tertiary may have been steadily rising, as shown
by the lithological change from limestone to sandy beds, and there
may not have heen a still-stand of sufficient duration to develop
the features enumerated,

(i) The features may have developed, and have sintce hecome
obliterated by denundation,  This is very likely on account of
the softness of the Jurassic, and the rapidity of atmospheric and
aqueous erosion in the arca.  Rock-platforms would become flat
spurs, of which there are plenty i the ranges; the sand and
shingle deposits of the beaches wonld be removed or abscured
by vegetation, and the sea caves would in time collapse. Before
the construction of the Great Ocean Road, several aboriginal
shelter caves were known, but at the present time Ramsden's
Cave (Hardy 1910) is the only one of any size above high water
level.

Regarding (¢) the deep dissection of the central portion of
the ranges, the yvonthful appearance of the streams is due to re-
juvenation by the post-Tertiary uplift. but, as will be shown
fater, they were initiated in Tertiary times when the Otways
were an island,

A serious difficulty with the view of Hills is in the removal
of the supposed universal capping of Tertiary sediments over the
lurassic. Snch sediments would presuntbly be arenaceous like
the present nppermost beds, and their thickness would be of the
crder of 1,500 feet.  That every vestige of this great thickness
ol sandy beds should have been removed from the upper portions
of the ranges is bevond belici; there would assuredly be large
residuals of it and the stream valleys would be choked with the
practically indestructible detritus from the sand. PBut as is well
known, the stream valleys in the higher Otways are singularly
decp. steep-sided, and narrow, without alluvial flats. Tt is not
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until after the 800-900 foot level is rcached and the original
Tertiary beds encountered, that the valleys widen out and hecome
sandy. Clearly therc never was a capping of Tertiary sediment
over the Jurassic.  Probably the marine sediments never exceeded

the 900 foot level,

The theory of total submergence is thercfore untenable, and
the carlicr view 1is retained here, that the Otway Ranges con-
stituted an island in the Tertiary sea.

Post-Tertiary Harth Movements and Vuleanicity.

At the close of the Pliocene period and throughout the Pleis-
tocene, the Geelong district suffered from a number of wide-
spread shallow faults, and a few fold movements, and conteni-
poraneous volcanic eruptivity on a grand scale. These processes
have been dominant in determining the present topography.

It 1s probable that the general uplift of the whole area pre-
ceded the faults about to be described, and that it took place
immediately at the close of the Upper Pliocene sedimentation,
However, no great time interval clapsed before the faulting
began, and probably differential stressing due to the uplift initiated
it.  The sketch map (Fig. 1) shows the main faults of the are.

Favers.

Rowsley-Anakie-Gheringhap fault.
Anakie-Lovely Banks fault.

Barrabool Hills-Curlewis fault.
Moolap-Leopold trough fault. :
Corio Bay-Port Phillip Bay-Bass Strait faults.

viR e

6. Otway Ranges faults,
FoLps.
1. Waurn Ponds Monocline.

2. Curlewis contorted beds.
3. Torquay and Anglesea anticlines.
4. Falding in the Otway Ranges.

1. Rowsley-clnakio-Gheringhap  fault,

This pivotal fault commences in the Lerderderg district and
extends 30 miles south through Rowsley and .Anakie to Ghering-
hap.  The maximum throw of 00 feet is at the northern end;
it is abont 500 feet at Anakie hut disappears entirely necar
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Gheringhap.  The fault has displaced Newer Basalt (Fenner
1918) of DPleistocene age, and is therefore late Pleistocene or

evern vounger.
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Itg. 1.~ TFaults in the Geelong Tstrict.

cAnakie-Lowvely Banks fault,

A normal fault commences at the central hill of the Anakies
and extends nearly 20 miles south to near Fyansford Hill, running
parallel to the Rowsley fault and about 3 miles 1o the east of it
The maximum throw of about 130 feet is in the middle scction
near Lovely Banks. Here again Pleistocene Newer Basalt has
heen displaced, the downthrow heing to the east. The fault is
therefore late Pleistocene or later.

3. Barrabool Hills-Curlewis fault.

The northern face of the Barrabool Hills 1s a  demoustralle
fanlt scarp, with a throw of 300 feet to the north near Ceres.
The Barwon River flows along the fanlt line between Pollocks-
ford and Fyaunsford.  Originally noticed by Hall (1911), the
fault was named the Barrabool Fault by Fenner (1918), and has
been referred to as the Barwon Fault (Coulson 1930) but the
prior name iz here retained.
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The western end of the fault begins near DPollocksford, and
although the castern end appears to be in Queen’s Park, Fyans-
ford, this is not the case, as the fault penetrates Newtown Hill
and extends cast to form the southern shore of Corio Bay,
curving to the north-east near Curlewis and probably ending at
Portarlington,

It is difficult to assign any age, other than post-Miocene, to
this fault, as the only rock which can be traced on both sides
of the fault plane is Miocene limestone near CGugger's Till,
Ceres (Coulson 1930).  However, if we cousider the youngest
rock in the tow cliffs on the southern shore of Corio Bay (o have
been fractured Dby the fault, this is the Pleistocene limestone
( Pritchard 1893) of Limebnrner’s Pomnt, and in that case the
fault occurred i late Pleistocene or <ub-Recent times.

A note may be inserted here regarding the existence of a
fault Detween Batesfurd and Fyansford, postulated by some
authors.  Between these two plaees the Newer Basalt occupies
two distinet levels: on the eastern side of the Moorabool River
it is at 200-250 foot altitude, while on the west it 1s at 100 foot
altitude.  To account for the lower level basalt, hinge faulting
has been suggested (Feaner 1918), the let-down block lying
Lbetween (wo faults. The East-\Vest Barrabool fault and a
hypothetical North-South  fault running from Batesford to
Fyansford.  The latter * fault ™ does not exist, as was proved
i 1926 by the bores put down by Australian Cement Lid. to test
the thickness of limestone in  their new guarry at Batesford.
[t was discovered that the limestone throughout the area tested
was undisturbed, whereas 1f a {ault had traversed it there would
have been a displacenmient of 150 feet.  The difference of level
in the basalt flows 1% due to the fact that they are separate flows
(Coulson 1937), the lower one filling a stream-eraded valley.

4. Moolup-Leopold trough fault.

Stretching from north to south between Corio Bay and the
Connewarre Lakes is a flat strip of country, scarcely 10 feet above
sea level, hounded on the east by the Teopold-Kensington [Hill,
and on the west by the Fast Geelong ITill. 1t may be called
the Moolap sunkland.  Bores in the sunkland (Coulsoun 1935)
reveal much the same sequence as i the hordering hills, though
of course at nearly 100 feet lower level.  The structure appears
to be a genuine trough fault, the bordering hills representing the
former fault scarps.  The western fault extended from Lime-
burner's Point south to Torquay, and the castern from Curlewis
to Ocean Grove. The Newer Basalt has been displaced, so the
fault would probably be late Pleistocene.
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3. Corio Bay-Dort Plullip Bay-Bass Strait faults,

The southern shore of Corio Bay has been proved to be the
eastern extension of the Barrabool fault.  The bay has a depth
of about 30 feet in most parts, but becomes very shallow on the
northern shore near Corio and Avalon. 1t is probable that
there is no actual fault on the north side, and that the Lay was
forimed by tilting towards the south. In this case, the short
section of cliff at the extreme western end of the bay, between
Western Beach and North Shore, must be a minor fault scarp,
running north-south.

Corio Bay is, of course, only the western extension of Dort
Phillip Bay, the origin of which is attributed to faulting, with
the maximum throw on the east side along Selwyn's fault, This
paper is concerned only with that portion of the faulting which
delimited  the Bellarine Peninsula. Presumably (here was a
small fault along the coast from near Portarlington past St.
Leonard's to Queensclifi and Point Lonsdale.

Little 15 known of the foundering of Bass Strait, but it is
reasonable to suppose that the faults along the Victorian coast
were parallel (o the prescul shore line, and probablv not far
from it,

6. Otway Ranges faults

Recent field work by the author in the Otway Ranges has
shown that over about 80 per cent. of the area, the Jurassic rocks
dip to the south-east at about 15°. There are about half-a-dozen
small areas. however, where this direction of dip does not hold.
These are shown on the shetch map (IFig. 2).  Unfortunately
the field work is not yet advanced to the stage of plotting the
nimerons faults which have produced these tilted blocks in which
the dip differs from the normal.  There is no evidence of age
available at present
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IFoLps.
1. Waurn Ponds Monocline.

A downwarp of about 60 feet to the north occurs in the
Miocene limestone at Waurn Ponds, and runs 1£.N 12, for severa)
miles until obscitred by younger sediments, bhut probably extends
across the hiatus of the Moolap sunkland 1o Curlewis, where
there is a disturbed arca. A flow of Newer Basalt from Mount
Dunced crosses the monocline just west of the Waurn Ponds
quarries (Quarter Sheet 28 N.LE.) without notable diplacement,
so possibly the monoeline is a pre-hasaltic feature.

2. Curlewis contorted beds.,

The Tertiary beds at Curlewis heach and Clifton Springs have
suffered from intense folding and minor faulting (Coulson
1933).  The locality appears to lie at the intersection of several
lines of weakness, viz., the Barrahool Hills-Curlewis fault, the
Leopold-Kensington fault, and the extension of the Waurn Ponds
monocline

3. Torquay, Anglesca, and Airey's Inlet folds,

Open folds occur in the Tertiary heds exposed in the coastal
cliffs between Lorne and Occan Grove, with anticlinal structures
at Atrey’s Inlet, Anglesea and Torquay, and sviclines between.
A gentle synclinorium has thus developed, and ils origin must
be discussed.  Hills (I935) considers that the {olding is due
to the differential uplift of the Otway Ranges (and consequent
lateral pressure). In this case, the [olding should be mnst
intense near the Otways, but actually it iy greatest at Torquay.
The folding is to be attributed to sagging in the geasyncline of
the Tertiary sea, for we know that the Tertiary beds form a
tapered series, thin in the north and west, and thickest in the
south-east, where differcential subsidence ntust have occurred.
This fo.ding would thus be contemporaneous with the deposition.

4. Folding in the Otway Ranges.

In the wvalley of the Wild Dog Creek about 6 miles from
Apollo Bay there 1s exposed in a road cutling a small monocline
in the Jurassic mudstones. [t was originally noticed by V.
Stirling (1901). At the extremity of Cape Otway, the Jurassic
sandstones of the shore platform form a pitching anticline, the
western leg dips north-west at 9 degrees, and the castern dips
north-east at 10 degrees. In the cliff just below the lighthouse
there 1s a large fissure, which is apparently not connected with
the anticline.

Both these structures appear to be local. and are probably
due to sagging ot competent beds.  Usually in the Jurassics,
earth-movements have resulted in faulting, but there are some
small folds such as those described.
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Upper Cainozoic Vuleanicity.

Starting in Upper Pliocene times and reaching a maximum in
the Pleistocene, numerous volcanoes exuded the huge quaniities
ol lava necessary to form the basalt plains of the Western Dis-
trict and Werribee fields.  The petrological aspects Lave already
Leen treated (Coulson 1937). Here we must consider the rela-
tion between the voleanic activity and the faulting, and the
effect of the lava flows upon the drainage svstem.

It is the common phenomenon to find that the basalt boulders
apparently clothe the face of the fault scarp, and Fenner (1918)
has exhaustively divcusseed the three possible explanations, viz. :—

(a) the basalt flowed over a pre-existing fault scarp and
solidified on the slope:

(b) the fault developed as the basalt was flowing or still
plastic, the two being contemporaneous ;

(c) the Tault was later than the Dbasalt, and displaced it, but
the shattered basalt remained as partly buried blocks on the slope.

In the Geelong district the third of {hese processes seems to
have been operative, and most of the fauits are therefore late
Merstocene or Holocene,

After the major uphift which brought the Tertiarics above
sca level and hefore the cruptivity, a level plain siretched between
the highlands of Ordovician rock in the north, and the Otway
Ranges in the south.  The origimal streams had begnn to traverse
this plain. the upper beds of which consisted of easily croded
Pliocene sands.  Then came the floods of lava, filling the valleys
and later forming a smooth ficld of lava with a gentle slope 1o
the south.  Bores through this basalt sheet have revealed the
courses of the decp leads (Hunter 1909), and also show that ihe
lava is much thicker along its northern margin (200 feet) than
it is on the southern (about 30 feet). The general trend of
the drainage was unaltered, although numerons small lava barriers
interropted the streams temporarity, especially in the case of
the ancestral Moorabool.

Development of the Drainage System.

It is probable that the present drainage system is engrafted
on that of pre-Tertiary times, at least in a general sense.  The
south-flowing streams from the northern highlands of the Divide,
and the north-flowing streams from the Otways, originally dis-
charged into the eentral arm of the Tertiary sea, which extended
trom Birregurra to Shelford and irom Maude to Geelong.  After
the major uplift. these streams united on the Tertinry plains, and
ewing to the prevailing south-casterly dip of about 5 degrees that
the Tertiaries have, the combined Stream became a consequent
river, the ancestral Barwon.  Discharge was increased owing to
the rejuvenation of the headwaters in the Divide and the Otways,
and  permanent vallevs established,
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The lava extrusions of thie Newer Volcanic era did not
materially affect the trend of these valleys, hut led to eutrenching
and further rejuvenation.  Relics of the basalt-filled valleys,
shown in Fig, 3, occur at Durham Lead (Etheridge and Murray
1874), Sheliord Lower Flow (Dennant and Mulder 1898),
Morrison's T.ead (Hunter 1909}, She Oak Falls (Quarter Sheet
19, SAW. Note 2). and a hitherto undescribed flow extending
from Batesiord (Lower Flow) to Queen’s Park, Fyansford,
then through Newtown, Chilwell, South Geelong, Breakwater,
and St. Alban's where it disappears beneath Recent sediments.

This flow fills a valley which was cut by the Moorabool River
through the granite of the Dog Rocks, and extended south to
Queen’s Park where 11 junctioned with the Barwon at Buckley’s
Gorge.  The former bank of this flow can be seen in Tertiary
limestone exposed in a Dasalt quarry near Iyansford Bridge,
The hasali-filled valley skirts the south side of Queen's Park at
a high level, has heen breached by the Barwon at Queen’s Park
DBridge, and crosses Newtown Iill to descend to Marnock Vale,
where it received a small tributary from the direction of Highton,
now seen as a residual on the cast side of Prince’s Bridge. This
temporary barrier caused the formation of Elarrison’s Flats
(terraced) on the west side of Prince’s Bridge, and the accu-
mulation of gravel and slate pebbles at Marnock Vale. There
is no doubt that this stream was at one time the Barwon River,
and it is important to remember its course when considering the
former outlet of the river,

The present Barwon River rises from springs in the Otwayv
Ranges near Mount Sabine, with tributaries starting at intervais
along the north side of the main ridge towards Benwerrin.
River capture has occurred where the former upper tract of the
East Barwon is now occupied by the “ hig 7 King Creek (Gregorv
1912).

Rich alluvial fans mark the debouchment of the Otway creeks
ou to the Tertiary plains. A bore at Barwon Downs showed
176 feet of sand and silt.  Union of most of the tributaries is
eftected hefore Birregurra is reached: the river then proceeds to
Winchelsca, where a right-angled turn takes it north to Inverleigh.
Here it receives the Leigh River and reverts to its easterly course
towards Geelong. ‘

The right-angled turn of the Barwou at Winchelsea, was
considercd by Hall (1910) to be due to interference by Dbasalt
Hows, from west of Winchelsea. with the original course of the
Barwin, which, he said. coincided with that of the present
Thompson’s Creck (Bream Creek).  This is a very tempting
inference from the fact that a wide valley occurs between the
Barrabool THils and the Otway Ranges, partly filled with basalt,
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and occupied by the nsignificant Bream Creck. Closer examina-
tion reveals —

(1) that the basalt did not come from * west of Winchelsea ”
but from a number of local vents, viz., a 550 ft. hill north of
Wurdit Bolue, a 450 it. hill near Winchelsea, Mt. Moriac, Mt.
Duneed, and a hill near Pettavel, all rather local flows hetween
which the river could easily have fonnd its way;

(2) the Tertaries hetween the valleys of the Barwon River
and Bream Creek ave the same height as the others of that locality,
i.e., abott 350 fect, and show no sigh of a former deep valiey
haviug heen filled with hasalt;

(3) certain lakes in the valley, such as Lake Wurdi Boluc,
Lake Modewarre, Walsh's Swamp, &e., which appearced to be
remnants of a former large stream, have their beds party in
Tertiarics as well as basalt, and these beds are higher than the
river level.

The supposed alteration of course 1s therelore not admitted,
and the view is held that the Barwon always flowed to the west
and north of the Barrabool Hills as it does at present, though
possibly somewhat to the west of its present course.

Lake Murdeduke, west of the Barwon River between \Win-
chelsea and Inverleigh, does not overflow to the Barwon. though
sonte maps suggest that there is an outlet stream. A Tasalt ridge
about 20 feet igh separates the lake from the head of an inter-
mittent creck which drains to the Barwon,

The Leigh and Moorabool Rivers commence as <prings on
the southern slopes of the Main Divide near Ballarat and Kor-
weinguboora respectively and flow south, traversing Ordovician
and Newer Basaltic rocks. Some waterfalls occur where the
basalt flows have suffered headward erosion, e.g., at the l.al
Tal Falls and the Moorabool 1alls, or where lava barriers are
encountered, as at the She Qak Falls,

Near Ballan the courses of the Iasteru Moorabool and
Merribee rivers approach very close, and [Fenner (1918) con-
siders that in pre-Newer Basaltic times both belonged to the
Werribee system, the LEastern Moorabool later heing captured
by a stream which approached from the south,

A palpable error by Gregory (1912, p. 123) has left the
widespread Dbelief that the former mouth of the Barwon was in
Corio Bay. The basalt which extends from Fyansford to Corio
Bay was regarded by him as filling a former valley. 1 ut excellent
chiff sections and road cuttings reveal that the basalt is part of
a thin uniform sheet.  1rom what has previously been said
about the basalt-filled valley between Quecn’s Park ( IF'yansford)
and Chilwell, it will he seeu that the former Barwon always kept
to the south side of the Newtown Hill, and entered the sea some-
where near its present mouth.
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Conclusions.

1. The Otway Ranges constituted an island in the Tertiary
sea.

2. Farth-movements of late Pleistocene age were responsible
for most of the present topography.

3. The drainage system Dbegan in pre-Tertiary times, and
engrafting took place after the post-Tertiary uplift.

4. The flows of Newer Basalt did not seriously interfere with
the courses of the rivers. The Barwon did not flow along the
valley of Bream Creek, nor was its mouth in Corio Bay.

Acknowledgments.

Thanks are dune to the staff of the Geology Department,
University of Melhourne; and to Messrs. G. B. Hope, W. Barag-
wanath, J. Faston, A. Mackie, J. B. Wilkie, and L. Coulson for
assistance with the work.

References.

CotrLsoxn, A., 1930.—Notes on the Jurassic Rocks of the Barrabool Hills.
Proc. Roy. Soc. Vie., xtii. (1).

———— 1933.—The Older Volcanic and Tertiary Marine Beds at
Curlewis. fbid., xtiv. (2).

—_— 1935.--Geological Notes on  Lake Connewarre. Ibid,
xlviii. (1).

——— 1937.—The Basalts of the Geelong District. [Ibid.

Dexxant, J., and MuLber, J. F., 1898 —The Geology of the Lower Leigh
Valley. Ibid, xi. (1).

Erierince, R., and Murray, R. A, F., 1874—The Durham Lead. Repi.
Prog. Geol. Surv. I7ic. No. 2.

Fexner, C., 1918—The Physiography of the Werribee River Area. Proc.
Roy, See. Vie,, xxxvil. (2)

Grecory, J. W, 1912 —Geography of Victoria. (Second edition.)

H.\mn;f\(.ll)).. 1910.—Notes on Ramsden's Cave, Cape Patton. [7ic. Nat.

Hawr, T. S., 1910.—Notes on the Geology of the Country about Anglesea.
Tbid, xxiil. (1).

1911 —Victorian Hill and Dale.

Hus, .S, 1935 —Physiography of Victoria. Handbook A.4.4.5., Melb.

l’ll'N'rF\llT. 57. 1009,—The Deep Leads of Victoria. Mew. Geol. Sure. Vie,
NO. /.

Kravst, F., 1874 —Report on Cape Otway Country. Rept. Prog. Geol.
Sure. Ui, No. 1.

Purtenawn, G. B., 1805.—Freshwater Limestones of the Geetong District.
Geelong Naturalist, No. 4.

Stiknixg, V. R, 1901.—Report on Geol. Sheet A' 47. (Geol. Swrr., Vie,

\\'u.Kl.l\'.\'ox, C. S.. 1865.—Report on Cape Otway Country. Parlty.
“aper iv,




